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Splice Variant of Human Sodium III Channel (hNaIII18) 

This application claims priority from U.S. Provisional Application 
Serial No. 60/431,794, filed December 4, 2002, which is hereby incorporated by 
5 reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to a human splice variant of the voltage- 
gated sodium m channel, termed hNaHI18, as well as methods for stable expression 
10 of hNaIII18 in cell lines, and methods of use in screening for compounds that 
modulate sodium channel activity. 

BACKGROUND OF THE INVENTION 

Sodium channels are voltage-gated transmembrane proteins that are 
15 involved in the generation of action potentials in electrically excitable cells such as 
neurons and muscle cells. They are responsible for the cellular uptake of sodium 
during electrical signals in cell membranes. The channels are members of a multigene 
family of transmembrane proteins and are typically composed of a large 
transmembrane pore-forming or-subunit and three smaller accessory /3-subunits 
20 (Cattrall et al., Adv Neurol 1999; 79:441-56). The primary structure of a-subunits is 
conserved among different sub-types and species. The a-subunit is all that is required 
for the channel to be fully functional, however, the j3-subunits have been shown to 
modulate the function of the channel. Specifically, co-expression of rat j81, /32, and 
j33 subunits with the Na(v)1.2a a-subunits in the tsA-201 sub-clone of HEK293 cells 
25 shifted sodium channel activation and inactivation to more positive membrane 

potentials. The jt?3 subunit alone caused increased persistent sodium currents. (Qu et 
al., Mol Cell Neurosci 2001;18(5):570-80). 
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Previous studies have demonstrated numerous different types of a- 
subunits, which are categorized based on their sensitivity to tetrodotoxin (a toxin 
produced by the puffer or fugu fish). Subunits that are inhibited by nanomolar 
concentrations of tetrodotoxin are generally referred to as tetrodotoxin-sensitive 

5 channels (TTX-S), while those that require at least micromolar concentrations for 
inhibition are referred to as tetrodotoxin-resistant channels (TTX-R). 

Rapid entry of sodium ions into cells causes depolarization and 
generation of the action potential. Such entry of sodium ions through sodium 
channels in response to a voltage change on the plasma membrane in excitable cells 

10 plays a functional role in control of neuronal excitability in the central nervous system 
(CNS) and peripheral nervous system (PNS). 

An increase in the rate of spontaneous firing in neurons is often 
observed in peripheral sensory ganglia following nerve injury (Ochoa and Torebjork, 
Brainl980; 103(4):835-53.; Nordin et al., Pain 1984; 20(3):231-45; Matzner et al., J 

15 Neurophysiol 1994;72(l):349-59; Woolf, Drugs 1994; 47 Suppl 5:1-9; discussion 46- 
7). It has been suggested that this hyperexcitability in neurons is due to altered 
sodium channel expression in some chronic pain syndromes (Tanaka et al., 
Neuroreport 1998; 9(6):967-72). Increased numbers of sodium channels leading to 
inappropriate, repetitive firing of the neurons have been reported in the tips of injured 

20 axons in various peripheral nervous tissues such as the DRG, which relay signals from 
the peripheral receptors to the central nervous system (Waxman and Brill, Biophys J 
1978; 21(2):147-60; Devor et al., Neurosci Lett 1989; 102(2-3): 149-54; Matzner and 
Devor, Brain Res 1992; 597(l):92-98). Transcripts encoding the oHI subunit, which 
are present at only very low levels in control DRG neurons, are expressed at moderate 

25 to high levels in axotomized DRG neurons together with elevated levels of oi and oil 
mRNAs (Waxman et al, Brain Res Mol Brain Res 1994; 22(l-4):275-89). 
Conversely, transcripts of sodium channel a subnits in the sensory nervous system are 
down-regulated in DRG neurons following axotomy (Dib-Hajj et al., Proc Natl Acad 
Sci USA. 1996; 93(25): 14950-4). Furthermore, the partial efficacy of sodium 

30 blocking agents is well documented in patients treated for neuropathic pain (Omana- 
Zapata et al., Pain 1997; 7 2(l-2):41-9; Rizzo, J Neurophysiol 1997; 77(l):236-46), 
providing an important link between increased sodium channel expression and 
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neuropathic pain. Therefore, alterations in sodium channel expression and subsequent 
function may be a key molecular event underlying the pathophysiology of pain after 
peripheral nerve injury. 

The partial type EI isoform (oc-subunit) of the human sodium channel 
5 gene, SCN3A, isolated from placenta, was first described by Malo et al. (Proc Natl 
Acad Sci U SA 1994; 91(8):2975-9; GenBank Accession No. S69887). Two 
alternative isoforms, neonatal and adult forms, of SCN3A were thereafter identified in 
human brain tissue by Lu and Brown (J Mol Neurosci 1998;10(l):67-70; GenBank 
Accession Nos. AF035685 and AF035686, respectively). These isoforms contained a 
10 92 amino acid insert within a region containing putative splice sites (identified 
through sequence homology with the rat type HI brain sequence). The complete 
coding sequences for human SCN3A genomic DNA and mRNA (and the 
corresponding protein sequence) also cloned from human brain, was described by 
Clare et al. (Ann NY Acad Sci. 1999;868:80-3; GenBank Accession Nos. AJ251507 
15 (SEQ ID NO: 3-Figure 3) and AF225987 (SEQ ID NO: 4-Figure 4, respectively). 

Most recently, in 2000, Jeong et al. submitted to GenBank an mRNA 
sequence encoding a splice variant of human SCN3 A (Accession No. AF225987; 
SEQ ID NO: 5-Figure 5). The amino acid sequence of this splice variant contained a 
49-amino acid insert from residues 624 to 673 (SEQ ID NO: 6 - Figure 6), when 
20 compared with the sequence described by Clare et al. {supra). 

There remains a need in the art to identify and characterize additional 
human sodium channels and variants thereof, in order to assist in the identification of 
drug candidates that can be used to treat conditions involving or associated with over- 
or under-expression, or over- or under-activated sodium channels. 

25 

SUMMARY OF THE INVENTION 

The present invention provides a novel splice variant of human sodium 
channel III a subunit, designated herein as "hNaIII18", having the amino acid 
sequence of SEQ ID NO: 2 (Figure 2). 
30 The present application also provides an isolated nucleic acid having a 

nucleotide sequence encoding the amino acid sequence of SEQ ID NO: 2. In one 
embodiment, the nucleic acid has the nucleotide sequence of SEQ ID NO: 1 (Figure 
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1). In another embodiment, the nucleic acid has a nucleotide sequence that is a 
degenerate variant of SEQ ID NO: 1 . In yet another embodiment, the invention 
provides an isolated nucleic acid that hybridizes under stringent conditions to a 
nucleic acid having the nucleotide sequence of SEQ ID NO: 1, and preferably encodes 
5 a protein having the same function as a protein having the amino acid sequence of 
SEQ ID NO: 2. 

The isolated nucleic acid encoding hNami8 can be a part of a 
recombinant vector, e.g., for cloning, expression, and/or expansion. An expression 
vector comprises the nucleic acid encoding hNaHI18 operably associated with an 
10 expression control sequence. The invention further provides host cells containing 
such a vector, and methods for producing the hNallll 8 subunit polypeptide using 
such host cells. 

In addition, the invention provides an isolated nucleic acid 
oligonucleotide, such as a primer or probe, of at least 10 bases, more particularly of at 

15 least 20, and more particularly of at least 30 bases, which oligonucleotide has a 

nucleotide sequence identical to a corresponding nucleotide sequence of the same 
number of contiguous bases in SEQ ID NO: 1, or its complement, which nucleotide 
sequence is unique and specific to the nucleotide sequence of SEQ ID NO: 1, and/or 
different from corresponding oligonucleotide sequences encoding known sodium 

20 channel subunits. The invention also provides an antibody that preferentiallyh binds 
the hNami8 subunit protein of the invention compared to other known sodium 
channel subunits. 

The present invention further provides a method for detecting 
expression of hNami8 in a cell or sample derived from a cell, which method 

25 comprises: (i) detecting mRNA encoding hNaEIl 8 in a cell or in a sample derived 
from a cell suspected of expressing hNallll 8; or (ii) detecting hNalHl 8 protein in a 
cell or in a sample derived from a cell with an antibody of the invention. 

The present invention further provides an assay system for identifying 
modulators of hNalHl 8 subunit containing sodium channels. The assay system 

30 comprises at least one cell genetically engineered to express or overexpress hNallll 8 
as part of a functional sodium channel, which can be used to screen for and thereby 
identify modulators of a hNalHl 8-containing sodium channel. In a preferred 
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embodiment, cells useful in conducting the assay are mammalian cells useful in such 
screening methods including, e.g., human embryonic kidney cells such as HEK293 
cells, or cells such as Xenopus cells 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the cDNA sequence of hNaIII18 of the present 



invention. 



Figure 2 shows the amino acid sequence of hNaIII18 of the present 

invention. 

10 Figure 3 shows the cDNA sequence of human SCN3A of Clare et al. 

(supra)^ (GenBank Accession No. AJ251507). 

Figure 4 shows the amino sequence of human SCN3A of Clare et al. 
(supra) (GenBank Accession No. AJ251507). 

Figure 5 shows the cDNA of a human sodium channel a-subunit 
15 variant by Jeong et al. (GenBank Accession No. AF225987). 

Figure 6 shows the amino acid sequence a human sodium channel a- 
subunit variant by Jeong et al. (GenBank Accession No. AF225987). 

Figure 7 shows a cDNA alignment of the hNaHI18 of the present 
invention, with that of the human SCN3A of Clare et al. (supra), and that of Jeong et 
20 al. (supra) 

Figure 8 shows the amino acid alignment of the hNaIII18 of the 
presenfinvention, with that of the human SCN3A of Clare et al. (supra), and that of 
Jeong et al. (supra) 

Figure 9A-D shows results of electrophysiology of hNaH[18- 
25 transfected HEK293 cells. Figure 9A demonstrates the activation threshold voltage; 
Figure 9B, the steady state V Vz inactivation voltage; Figure 9C, the recovery time 
after inactivation; and Figure 9D, the inactivation kinetics. 

DETAILED DESCRIPTION OF THE INVENTION 

30 The present invention is based, in part, on the discovery of a splice 

variant of the human Nam channel a subunit. The human NalU a subunit isoform, 
designated herein as "hNaIH18", was cloned by RT-PCR from human embryonic 
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brain total RNA (Clontech, Palo Alto, CA), using human Nam specific primers. 
Primers were designed from a sequence identified by searching the NCBI Human 
Genome database, using the human Nam mRNA sequence (GenBank accession no. 
AJ251507) using reverse-transcriptase PCR (RT-PCR). PCR fragments were cloned 
5 into the mammalian expression vector and the complete DNA sequence was 
determined. 

The hNaIH18 sequence of the invention contains an additional 147 
nucleotides that do not appear in the human Nam cDNA mentioned above (SEQ ID 
NO: 3). Splicing in this region (nucleotides +9 to +96) had been described for the rat 

10 Nam sodium channel, but not for the human Nam channel when this work was 

initiated. The nucleotide sequence of Jeong et al. 2000, supra, also containing the 147 
nucleotide insert and encoding an amino acid sequence similar to that of SEQ ID NO: 
2, was deposited in GenBank (Accession No. AF225987, SEQ ID NO: 5), and is 
described in International PCT publication WO 01/96552 (in Japanese). The novel 

15 sequence (SEQ ID NO: 1) presented herein differs from that of SEQ ID NO:5 by 37 
nucleotides out of 6093 aligned. None of the differences are found within the 147- 
nucleotide insertion. The amino acid sequence presented herein in SEQ ID NO: 2, 
differs from the SEQ ID NO:5 amino acid sequence by 12 amino acids out of 2000, 
with none of the differences being found in the region containing the 49 amino acid 

20 insert. 

Transient transfection of the novel splice variant of the invention (SEQ 
ID NO: 1) results in expression of functional sodium channels in mammalian cells 
(cell line HEK293). Stable transfection and expression of the hNaini 8 also was 
achieved in HEK293 cells. 

25 Protein expression was confirmed in the stably transfected HEK293 

cells by immimocytochemistry and Western blotting. A protein having a size of about 
220 kD protein, corresponding to the expected molecular weight of hNaHIl 8 was 
identified. Functional hNaini 8 activity was confirmed by electrophysiology. 

Thus, the present invention advantageously provides hNalH18 protein, 

30 including fragments and derivatives thereof; hNaini 8-encoding nucleic acids, and 

portions thereof including oligonucleotide primers and probes surrounding and within 
the region containing the 147 nucleotide insert, and hNaini 8 regulatory sequences; 
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hNaIII18-specific antibodies; and related methods of using these materials to detect 
the presence of hNaini 8 proteins or nucleic acids. 

The present invention also provides an assay method for screening to 
identify selective modulators of hNaini 8-containing sodium ion channel activity. 

5 The method involves detecting whether a test compound increases or decreases the 
activity of the sodium channel, as determined, e.g., by measuring current phase 
(electrophysiology) and ion selectivity. The assay method is preferably conducted 
using at least one host cell that expresses or overexpresses a functional sodium 
channel comprising hNaini 8, or a membrane preparation prepared therefrom. In one 

10 embodiment, the test compound inhibits (antagonizes) the activity of the sodium 
channel. In another embodiment, the test compound potentiates (agonizes) the 
activity of the sodium channel. The test system preferably involves the use of an 
appropriate cell culture medium to permit cell growth and viability, as well as tissue 
culture plates or arrays containing the host cells in the cell culture medium. In 

15 specific embodiments, host cells are mammalian cell lines such as, e.g., the HEK293 
cell line, although appropriate cells from other organisms, such as, e.g.,Xenopus cells, 
can alternatively be utilized. 

The specification and figures include the following nucleotide or 
amino acid sequences: hNaIII18 polynucleotide (SEQ ID NO:l); hNaini 8 amino acid 

20 sequence (SEQ ID NO:2); SCN3A nucleotide sequence (SEQ ID NO:3; Clare et al., 
supra; GenBank AJ251507); SCN3A amino acid sequence (SEQ ID NO:4; Clare et 
al., supra; GenBank AJ201507); SCN3A splice variant nucleotide sequence (SEQ ID 
NO:5; Jeong et al., supra; GenBank AF225987); SCN3A splice variant amino acid 
sequence (SEQ ID NO:6; Jeong et al., supra; GenBank AF225987); forward primer 

25 utilized in Example 1 (SEQ ID NO:7); and reverse primer utilized in Example 1 (SEQ 
ID NO:8). 

General Definitions 
The following definitions are provided for clarity and illustrative 
30 purposes only, and are not intended to limit the scope of the invention. 

As used herein, the term "isolated" means that the referenced material 
is removed from the environment in which it is normally found. Thus, an isolated 
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biological material can be free of cellular components, i.e., components of the cells in 
which the material is found or produced in nature. In the case of nucleic acid 
molecules, an isolated nucleic acid includes a PGR product, an rnRNA, a cDNA, or a 
restriction fragment. In another embodiment, an isolated nucleic acid is preferably 

5 excised from the chromosome in which it may be found, and more preferably is no 
longer joined to non-regulatory, non-coding regions, or to other genes, located 
upstream or downstream of the gene contained by the isolated nucleic acid molecule 
when found in the chromosome. In yet another embodiment, the isolated nucleic acid 
lacks one or more naturally occurring introns. Isolated nucleic acid molecules include 

10 sequences inserted into plasmids, cosmids, artificial chromosomes, phages and the 
like. Thus, in a specific embodiment, a recombinant nucleic acid is an isolated 
nucleic acid. An isolated protein may be associated with other proteins or nucleic 
acids, ox both, with which it associates in the cell, or with cellular membranes if it is a 
membrane-associated protein. A protein expressed from a vector in a cell, 

15 particularly a cell in which the protein is normally not expressed, is also a regarded as 
isolated. An isolated organelle, cell, or tissue is removed from the anatomical site in 
which it is found in a cell or an organism. An isolated material may be, but need not 
be, purified. As used herein to refer to nucleic acids, the term "isolated" does not 
encompass man-made genomic or cDNA libraries. 

20 The term "purified 11 as used herein refers to material that has been 

isolated under conditions that reduce or eliminate the presence of unrelated materials, 
i.e., contaminants, including native materials from which the material is obtained. For 
example, a purified protein is preferably substantially free of other proteins or nucleic 
acids with which it is associated in a cell; a purified nucleic acid molecule is 

25 preferably substantially free of proteins or other unrelated nucleic acid molecules with 
which it can be found within a cell. As used herein, the term "substantially free" is 
used operationally, in the context of analytical testing of the material. Preferably, 
purified material substantially free of contaminants. Purity can be evaluated by 
chromatography, gel electrophoresis, immunoassay, composition analysis, biological 

30 assay, and other methods known in the art. 

Methods for purification are well-known in the art. For example, 
nucleic acids can be purified by precipitation, chromatography (including preparative 
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solid phase chromatography, oligonucleotide hybridization, and triple helix 
chromatography), ultracentrifugation, and other means. Polypeptides and proteins can 
be purified by various methods including, without limitation, preparative disc-gel 
electrophoresis, isoelectric focusing, HPLC, reversed-phase HPLC, gel filtration, ion 
5 exchange and partition chromatography, precipitation and salting-out 

chromatography, extraction, and countercurrent distribution. For some purposes, it is 
preferable to produce the protein in a recombinant system so that it contains an 
additional sequence tag that facilitates purification, such as, but not limited to, a 
polyhistidine sequence (His®-tag; Novagen, Madison, WI), or a sequence that 

10 specifically binds to an antibody, such as the FLAG® tag (Sigma, St. Louis, MO), 

HA-tag (Roche Diagnostics, Indianapolis, IN), or that can be column-purified such as 
via the use of glutathione-S-transferase (GST). The polypeptide can then be purified 
from a crude lysate of the host cell by chromatography on an appropriate solid-phase 
matrix. Alternatively, antibodies produced against the protein or against peptides 

15 derived therefrom can be used as purification reagents. Cells can be purified by 
various techniques, including centrifugation, matrix separation (e.g., nylon wool 
separation), panning and other immunoselection techniques, depletion (e.g., 
complement depletion of contaminating cells), and cell sorting (e.g. f fluorescence 
activated cell sorting (FACS)). Other purification methods are possible. A purified 

20 material may contain less than about 50%, preferably less than about 75%, and most 
preferably less than about 90%, by weight of the cellular components with which it 
was originally associated. The "substantially pure" indicates the highest degree of 
purity that can be achieved using conventional purification techniques known in the 
art. 

25 In a specific embodiment, the term "about" or "approximately" means 

plus or minus 10% of the stated numerical value or range. 

As use herein, the term "ion channel" refers to a transmembrane pore 

that presents a hydrophilic channel for ions to cross a lipid bilayer down their 

electrochemical gradients. In a preferred embodiment, the ion channel is a voltage- 
30 gated sodium ion channel. A "sodium channel" is an ion channel that is selective for 

sodium ions. 
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A "sample" as used herein refers to a biological material that can be 
obtained and tested for the presence or expression of: (i) an hNaini 8 subunit- 
containing ion channel; or (ii) an hNaIII18 subunit protein; or (iii) an hNaIQ18 
subunit-encoding nucleic acid. Such samples can be obtained from animal, preferably 

5 mammalian, and more preferably human subjects, and include tissue samples, 

especially CNS or PNS tissues, as well as cell cultures derived from such tissues. 
Alternatively, such samples can comprise cells genetically engineered to express or 
overexpress an hNaHI18 subunit-containing ion channel or an hNaIII18 subunit 
protein. Such cells are preferably eukaryotic, but may alternatively be prokaryotic 

10 cells. Eukaryotic cells are preferably mammalian cells, but may alternatively be 
Xenopus cells. 

Non-human animals include, without limitation, laboratory animals 
such as mice, rats, rabbits, hamsters, guinea pigs, etc.; domestic animals such as dogs 
and cats; and farm animals such as sheep, goats, pigs, horses, and cows. 

15 The term "modulator" refers to a compound that binds to an ion 

channel comprising the hNaHIl 8 subunit protein of the invention and differentially 
affects the activity of the ion channel in response to a stimulus that normally activates 
the function of that ion channel when compared to the activity of the ion channel not 
contacted with the compound. Ion channel activity can be measured, e.g., using 

20 electrophysiological techniques, or according to other known methods in the art. In a 
preferred embodiment, the ion channel is a sodium channel. 

The terms "inhibitor" and antagonist refer to a compound that binds to 
the ion channel comprising hNaHI18, and blocks, inhibits, impedes or reduces the 
activity of that ion channel. 

25 An "agonist" is defined as a compound that binds to the ion channel 

comprising hNami8, and promotes, enhances, stimulates or potentiates the normal 
biological function of the sodium channel. A "partial agonist" binds as to the ion 
channel or a subunit thereof, as does a full agonist, but promotes only partial function. 

As used herein the term "transfected cell" or 'transformed cell" refers 

30 to a host cell that has been genetically engineered to express or overexpress a nucleic 
acid encoding a hNami8 subunit, preferably in combination with one or more p 
subunits such as, e.g., jS-subunits 1-3 as described in GenBank Accession Nos. 
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U87445, AF007783, AH005825, AF007783, AF04948, LI 0338 and L16242, among 
others. Any cell can be used, preferably a eukaryotic cell, and more preferably a 
vertebrate cells, preferably a mammalian cell, or a Xenopus cell. Such cells 
additionally can be genetically engineered to coexpress or overexpress a different 
5 sodium channel subunit. Such genetically engineered cells include those cells into 
which one or more heterologous hNaIEI18-encoding nucleic acids have been 
introduced and are expressed or overexpressed. Such genetically engineered cells 
also include those cells engineered to express or overexpress one or more endogenous 
hNa]H18 subunits, for example, by gene activation technology. 
10 Such cells are particularly suitable to conduct an assay to screen for 

compounds that modulate the function of the hNaIII18 subunit-containing sodium 
channel in response to an appropriate stimulus {e.g., TTX). An "assay method" 
typically makes use of one or more such cells, e.g., in a microwell plate or some other 
culture system. The effects of a test compound can be determined on a single cell or 
15 on a collection of cells sufficient to allow measurement of ionic current, activation 
threshold, or ionic permeability characteristics of the hNaHI18 subunit-containing 
sodium channels. For example, single cells can be tested, e.g., by use of patch clamp 
or other appropriate electrophysiological techniques. 

A "test compound" or "candidate compound" is any molecule that can 
20 be tested for its ability to bind to the hNaIII18 subunit-contarining sodium channel,or 
to a subunit thereof, and preferably modulate on the activity of the hNami 8 subunit- 
containing sodium channel. A compound that binds and modulates a hNaini 8 
subunit-containing sodium channel is a "lead compound" suitable for further testing 
and development. 

25 The term "ligand" can alternatively be used to refer to any compound 

or peptide or polypeptide that binds to and modulates the activity of a hNami 8 

subunit, or a sodium channel comprising hNAHIl 8. 

The term "pain disorder" includes chronic pain, defined as pain lasting 

longer than one month (Bonica, Semin Anesth 1986, 5:82-99), and is characterized by 
30 unrelenting persistent pain that is not amenable to routine pain control methods. The 

term "pain disorder" also includes neuropathic pain and nociceptive pain. 
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"Chronic pain" can be defined as pain lasting longer than one month 
(Bonica, Semin Anesth 1986, 5:82-99), and is characterized by unrelenting persistent 
pain that is not amenable to routine pain control methods. Chronic pain includes, but 
is not limited to, inflammatory pain, postoperative pain, cancer pain, osteoarthritis 

5 pain associated with metastatic cancer, trigeminal neuralgia, acute herpetic and 
postherpetic neuralgia, diabethic neuropathy, causalgia, brachial plexus avulsion, 
occipital neuralgia, reflex sympathetic dystrophy, fibromyalgia, gout, phantom limb 
pain, bum pain, pain associated with spinal cord injury, multiple sclerosis, reflex 
sympathetic dystrophy and lower back pain and other forms of neuralgia, neuropathic, 

10 and idiopathic pain syndromes. 

Neuropathic pain" can be caused by injury or infection of peripheral 
sensory nerves. It includes, but is not limited to pain from peripheral nerve trauma, 
herpes virus infection, diabetes mellitus, causalgia, plexus avulsion, neuroma, limb 
amputation, and vasculitis. Neuropathic pain is also caused by nerve damage from 

15 chronic alcoholism, human immunodeficiency virus infection, hypothyroidism, 

uremia, or vitamin deficiences. Neuropathic pain includes but is not limited to pain 
caused by nerve injury such as, for example, the pain from which diabetics suffer. 

Chronic and neuropathic types of pain generally arises from injury to 
the peripheral or central nervous tissue. 

20 "Nociceptive pain" is due to activation of pain-sensitive nerve fibers, 

either somatic or visceral. Nociceptive pain generally results as a response to direct 
tissue damage. The initial trauma causes the release of several chemicals including 
bradykinin, serotonin, substance P, histamine, and prostaglandin. When somatic 
nerves are involved, the pain is typically experienced as aching or pressure-like. 

25 

Molecular Biolosv Definitions 
In accordance with the present invention there may be employed 
conventional molecular biology, microbiology, and recombinant DNA techniques 
within the skill of the art. See, e.g., Sambrook, Fritsch & Maniatis, Molecular 
30 Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring Harbor 

Laboratory Press, Cold Spring Harbor, New York (herein "Sambrook et al, 1989"); 
DNA Cloning: A Practical Approach, Volumes I and E (D.N. Glover ed. 1985); 
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Oligonucleotide Synthesis (M.J. Gait ed. 1984); Nucleic Acid Hybridization [B.D. 
Hames & S J. Higgins eds. (1985)]; Transcription And Translation [B.D. Hames & 
SJ. Higgins, eds. (1984)]; Animal Cell Culture [R.I. Freshney, ed. (1986)]; 
Immobilized Cells And Enzymes [IRL Press, (1986)]; B.Perbal, A Practical Guide To 

: 5 Molecular Cloning (1984); F.M. Ausubel et al. (eds.), Current Protocols in Molecular 
Biology, John Wiley & Sons, Inc. (1994). 

"Amplification" of DNA as used herein denotes the use of exponential 
amplification, techniques such as polymerase chain reaction (PGR), and non- 
exponential amplification, such as linked linear amplification, to increase the 

10 concentration of a particular DNA sequence within a mixture of DNA sequences. For 
a description of PCR see Saiki et al., Science 1988, 239:487. For a description of 
linked linear amplification, see U.S. Patent Nos. 6,335,184 and 6,027,923 and Reyes 
et al. Clinical Chemistry 2001; 47: 131-40; Wu et al. Genomics 1989; 4: 560-569. 

As used herein, "sequence-specific oligonucleotides" refers to related 

15 sets of oligonucleotides that can be used to detect allelic variations or mutations in the 
hNaIH18 gene, or can be used for amplification of an hNAIII18 encoding-nucleic 
acid. 

The nucleic acid molecules (polynucleotides) described herein may be 
flanked by natural regulatory (expression control) sequences, or may be associated 

20 with heterologous sequences, including promoters, internal ribosome entry sites 
(IRES) and other ribosome binding site sequences, enhancers, response elements, 
suppressors, signal sequences, polyadenylation sequences, introns, 5 1 - and 3- non- 
coding regions, and the like. The nucleic acid molecules may also be modified by 
many means known in the art. Non-limiting examples of such modifications include 

25 methylation, "caps", substitution of one or more of the naturally occurring nucleotides 
with an analog, and internucleotide modifications such as, for example, replacement 
with uncharged linkages {e.g., methyl phosphonates, phosphotriesters, 
phosphoroamidates, carbamates, etc.) and with charged linkages (e.g., 
phosphorothioates, phosphorodithioates, etc.). Polynucleotides may contain one or 

30 more additional covalently linked moieties, such as, for example, proteins (e.g., 

nucleases, toxins, antibodies, signal peptides, poly-L-lysine, etc.), intercalators (e.g., 
acridine, psoralen, etc.), chelators (e.g., metals, radioactive metals, iron, oxidative 



13 



WO 2004/050857 



PCT7US2003/038796 



metals, etc.), and alkylators. The polynucleotides may be derivatized by formation of 
a methyl or ethyl phosphotriester or an alkyl phosphoramidate linkage. Furthermore, 
the polynucleotides herein may also be modified with a label capable of providing a 
detectable signal, either directly or indirectly. Exemplary labels include 

5 radioisotopes, fluorescent molecules, biotin, and the like. 

A "coding sequence" or a sequence "encoding" an expression product, 
such as an RNA, polypeptide, protein, or enzyme, is a nucleotide sequence that, when 
expressed, results in the production of that RNA or polypeptide, i.e., the nucleotide 
sequence encodes an amino acid sequence for that polypeptide. A coding sequence or 

10 "open reading frame (ORF)" for a polypeptide will typically include a start codon 
(usually ATG) and a stop codon. 

The term "gene", also called a "structural gene" refers to a basic unit of 
hereditary material. Specifically a gene is an ordered sequence of DNA nucleotide 
bases that encodes one polypeptide chain (via mRNA). The gene includes regions 

15 preceding and following the coding region (such as promoter sequences, a 5- 
untranslated region, and a 3*-untranslated region, which affect, for example, the 
conditions under which the gene is expressed) as well as (in eukaryotes) intervening 
sequences (introns) between individual coding segments (exons). 

A "promoter sequence" is a DNA regulatory region capable of binding 

20 RNA polymerase in a cell and initiating transcription of a downstream (3* direction) 
coding sequence. For purposes of defining the present invention, the promoter 
sequence is bounded at its 3 1 terminus by the transcription initiation site and extends 
upstream (5 1 direction) to include the minimum number of bases or elements 
necessary to initiate transcription at levels detectable above background. Within the 

25 promoter sequence will be found a transcription initiation site (conveniently defined 
for example, by mapping with nuclease SI), as well as protein binding domains 
(consensus sequences) responsible for the binding of RNA polymerase. The present 
invention includes the hNaIH18 gene promoter found in the genome, which can be 
operatively associated with a hNaIII18 coding sequence with a heterologous coding 

30 sequence. 

The term "host cell" means any cell of any organism that is selected, 
modified, transformed, grown, or used or manipulated in any way, for the production 
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of a substance by the cell, for example, the expression by the cell of a gene, a DNA or 
RNA sequence, or a polypeptide. Host cells can further be used for screening or other 
assays, as described infra. 

A coding sequence is "under the control of 1 or "operatively associated 
5 with" transcriptional and translational control sequences in a cell when such control 
sequences operate to effect RNA polymerase transcription of the coding sequence 
into mRNA, which is then trans-RNA spliced (if it contains introns) and translated, in 
the case of mRNA, into the protein encoded by the coding sequence. 

The terms "express" and "expression" mean allowing or causing the 
10 information in a gene or cDNA or mRNA sequence to become manifest, for example, 
by producing a protein by activating the cellular functions involved in transcription 
and translation of a corresponding gene, cDNA or mRNA sequence. A gene or cDNA 
sequence is expressed in or by a cell to form an "expression product" such as a 
protein. The expression product itself, e.g., the resulting protein, may also be said to 
15 be "expressed" by the cell. An expression product can be characterized as 

intracellular, extracellular, transmembrane, or secreted depending on the particular 
product. The hNaini 8 subunit protein of the invention is typically expressed as a 
transmembrane protein with intracellular and extracellular domains. 

The term "transfection" means the introduction of a "foreign" (i.e., 
20 extrinsic or extracellular) gene, DNA or RNA sequence into a host cell so that the 

host cell will express the introduced gene or sequence to produce a desired substance, 
typically a protein encoded by the introduced gene or sequence. The introduced gene 
or sequence may also be called a "cloned" or "foreign" or "heterologous" gene or 
sequence, and may include regulatory or control sequences, such as start, stop, 
25 promoter, signal, secretion, or other sequences used by a cell's genetic machinery. 
The gene or sequence may include non-functional sequences or sequences with no 
known function. 

The term "transformation" refers to the process by which DNA is 
introduced from the surrounding medium into a prokaryotic host cell. 
30 The term "transduction" refers to the introduction of DNA into a 

prokaryotic host cell via a bacterial virus, or bacteriophage. 
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A prokaryotic or eukaryotic host cell that receives and expresses 
introduced DNA or RNA has been "transformed" and is a ,l transforrnant !, or a "clone." 
The DNA or RNA introduced into a host cell can come from any source, including 
cells of the same genus or species as the host cell, or cells of a different genus or 

5 species, or synthetic sequences. 

The transformed cells of the invention are particularly suitable for an 
assay system for the detection of compounds that modulate the function of hNaIII18 
subunit-containing sodium channels in response to activation, e.g., in response to 
exposure TTX. An "assay method" makes use of one or more such cells, e.g., in a 

10 microwell plate or some other culture or assay system to permit evaluation of the 

effects of a test compound on the cell(s), e.g., by measuring ionic current or activation 
threshold characteristics of the hNaIII18 subumt-containing sodium channel. 

The term "recombinantly engineered cell" refers to any prokaryotic or 
eukaryotic cell that has been manipulated to express or overexpress the hNaIII18 

15 subunif by any appropriate method, including transfection, transformation or 

transduction. This term also includes endogenous activation of a hNaTTT18 gene in a 
cell that does not normally express hNaIII18 or that expresses the protein at a sub- 
optimal level. 

The terms "vector", "cloning vector" and "expression vector" mean the 
20 vehicle by which a DNA or RNA sequence (e.g., a foreign gene) can be introduced 

into a host cell, so as to transform the host and promote expression (e.g., transcription 
and translation) of the introduced sequence. Vectors include plasmids, cosmids, 
phages, viruses, etc.; they are discussed in greater detail below. 

Vectors typically comprise the DNA of a transmissible agent, into 
25 which foreign DNA is inserted. A common way to insert one segment of DNA into 
another segment of DNA involves the use of restriction enzymes to cleave DNA at 
specific restriction sites. A "cassette" refers to a DNA coding sequence or segment of 
DNA that codes for an expression product that can be inserted into a vector at defined 
restriction sites. The cassette restriction sites are designed to ensure insertion of the 
30 cassette in the proper reading frame. Generally, foreign DNA is inserted at one or 

more restriction sites of the vector DNA, and then is carried by the vector into a host 
cell along with the transmissible^vector DNA. A segment or sequence of DNA 



WO 2004/050857 



PCT/US2003/038796 



having inserted or added DNA, such as an expression vector, can also be called a 
"DNA construct" A common type of vector is a plasmid. A plasmid vector often 
contains coding DNA and promoter DNA and has one or more restriction sites 
suitable for inserting foreign DNA. Coding DNA is a DNA sequence that encodes a 

5 particular amino acid sequence for a particular protein. Promoter DNA is a DNA 

sequence that initiates, regulates, or otherwise mediates or controls the expression of 
the coding DNA. Promoter DNA and coding DNA may be from the same gene or 
from different genes, and may be from the same or different organisms. A large 
number of vectors, including plasmid and fungal vectors, have been described for 

10 replication and/or expression in a variety of eukaryotic and prokaryotic hosts. Non- 
limiting examples include pKKplasmids (Clonetech), pUC plasmids, pET plasmids 
(Novagen, Inc., Madison, WI), pRSET orpREP plasmids Qhvitrogen, San Diego, 
CA), or pMAL plasmids (New England Biolabs, Beverly, MA), and many appropriate 
host cells. Recombinant cloning vectors will often include one or more replication 

15 systems for cloning or expression, one or more markers for selection in the host, e.g., 
antibiotic resistance, and one or more expression cassettes. 

The term "expression system" means a host cell and compatible vector 
under suitable conditions, e.g., for the expression of a protein coded for by foreign 
DNA carried by the vector and introduced to the host cell. Common expression 

20 systems include E. coli host cells andjriasmid vectors, insect host cells and 
baculovirus vectors, and mammalian host cells and vectors. 

The term "heterologous" refers to a combination of elements not 
naturally occurring. For example, heterologous DNA refers to DNA not naturally 
present in that cell. Alternativley, heterologous DNA refers to combinations of 

25 sequences that do not naturally occur together in that cell, e.g., promoter sequences 
from a gene from one cell type linked to coding sequences of a gene that is not 
normally controlled by that promoter or expressed by another cell type. Preferably, 
the heterologous DNA includes a gene foreign to the cell. A heterologous expression 
regulatory element is such an element operatively associated with a different gene 

30 than the one it is operatively associated with in nature. In the context of the present 
invention, a hNaIII18 gene is heterologous to the vector DNA in which it is inserted 
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for cloning or expression purposes, and is heterologous to a host cell containing such 
a vector in which it is expressed, e.g., 2l HEK cell. 

The terms "mutant" and "mutation" mean any detectable change in 
genetic material, e.g., DNA, or any process, mechanism, or result of such a change. 

5 This includes gene mutations in which the structure (e.g., DNA sequence) of a gene is 
altered; any gene or DNA arising from any mutation process; and any expression 
product (e.g., protein or enzyme) expressed by a non-silent modification of a gene or 
DNA sequence. The term "variant" may also be used to indicate a modified or altered 
gene, DNA sequence, polypeptide, cell, etc., i.e., any kind of mutant therefrom. 

10 "Sequence-conservative variants" or "degenerate variants" of a 

polynucleotide sequence are those in which a change of one or more nucleotides in a 
given codon position results in no alteration in the amino acid encoded at that 
position. 

"Function-conservative variants" are those in which a given amino acid 

15 residue in a protein has been changed without substantially altering the function of the 
polypeptide, including, but not limited to, replacement of an amino acid with a residue 
having similar properties (such as, for example, polarity, hydrogen bonding potential, 
acidic, basic, hydrophobic, aromatic, and the like). Amino acids with similar 
properties are well known in the art. For example, arginine, histidine and lysine are 

20 hydrophilic-basic amino acids and may be interchangeable. Similarly, isoleucine, a 
hydrophobic amino acid, may be replaced with leucine, methionine or valine. Such 
changes are expected to have little or no effect on the apparent molecular weight, 
isoelectric point, or function of the protein. Amino acid residues may be varied in a 
protein so that the percent amino acid sequence identity between the original protein 

25 and the variant may be, for example, at least 70%, 80%, 90%, 95% or 99%, as 

determined according to a default alignment scheme such as by the Cluster Method, 
wherein similarity is based on the MEGALIGN algorithm, or BLAST. A "function- 
conservative variant" of the present invention includes those polypeptides having the 
above-described amino acid sequence identities , and having the same or substantially 

30 similar functions as the native or parent hNaini 8 subunit protein of the invention 

As used herein, the term "homologous" refers to the relationship 
between proteins that possess a "common evolutionary origin," including proteins 
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from superfamilies (e.g., the immunoglobulin superfamily) and homologous proteins 
from different species (e.g., myosin light chain, etc.) (Reeck et aL, Cell 1987, 50:667). 
Such proteins (and their encoding genes) have sequence homology, as reflected by 
their sequence similarity or sequence identity, whether in terms of percent similarity 

5 or the presence of specific residues or motifs at conserved positions. 

Accordingly, the term "sequence similarity" or "sequence identity" 
refers to the degree of identity or correspondence between nucleic acid or amino acid 
sequences of proteins that may or may not share a common evolutionary origin (see 
Reeck et aL, supra). However, in common usage and in the instant application, the 

10 term "homologous," when modified with an adverb such as "highly," may refer to 
sequence similarity and may or may not relate to a common evolutionary origin. 

In a specific embodiment, two DNA sequences are "substantially 
homologous" or "substantially similar" when at least about 80%, and most preferably 
at least about 90, 95% or 99% of the nucleotides match over the defined length of the 

15 DNA sequences, as determined by sequence comparison algorithms, such as BLAST, 
FASTA, DNA Strider, etc. An example of such a sequence is an allelic or species 
variant of the specific hNaIII18 gene of the invention. Sequences that are 
substantially homologous can be identified by comparing the sequences using 
standard software available in sequence data banks, or in a Southern hybridization 

20 experiment under, for example, stringent conditions as defined for that particular 
system. 

Similarly, in a particular embodiment, two amino acid sequences are 
"substantially homologous" or "substantially similar" when greater than 80%, 90%, 
95% or 99% of the amino acids are identical. Preferably, the similar or homologous 
25 sequences are identified by alignment using, for example, the GCG (Genetics 
Computer Group, Program Manual for the GCG Package, Version 7, Madison, 
Wisconsin) pileup program, or any of the programs described above (BLAST, 
FASTA, etc.). 

A nucleic acid molecule is "hybridizable" to another nucleic acid 
30 molecule, such as a cDNA, genomic DNA, or RNA, when a single stranded form of 
the nucleic acid molecule can anneal to the other nucleic acid molecule or its 
complement under the appropriate conditions of temperature and solution ionic 
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strength (see Sambrook et ah, supra). The conditions of temperature and ionic 
strength determine the "stringency" of the hybridization. For preliminary screening 
for homologous nucleic acids, low stringency hybridization conditions, using a Tm 
(melting temperature) in the range of about 55 ° C with low salt and/or denaturant 

5 concentrations, can be used, e.g., 5x SSC, 0.1% SDS, 0.25% milk, and no formamide; 
or 30% formamide, 5x SSC, 0.5% SDS. Moderate stringency hybridization 
conditions correspond to use of a higher Tm, and higher concentrations of salt and/or 
denaturants, e.g., 40% formamide, with 5x or 6x SSC. High stringency hybridization 
conditions correspond to the highest Tm and concentrations of salt/and/or denaturants, 

10 e.g., 68°C, 50% formamide, 5x or 6x SSC. SSC is a 0.15M NaCl, 0.015M Na-citrate 
buffer. Hybridization requires that the two nucleic acids contain complementary 
sequences, although depending on the stringency of the hybridization, mismatches 
between bases are possible. The appropriate stringency for hybridizing nucleic acids 
depends on the length of the nucleic acids and the degree of complementation, as 

15 known in the art. The greater the degree of similarity or homology between two 

nucleotide sequences, the higher the value of Tm for hybrids of nucleic acids having 
those sequences. The relative stability (corresponding to higher Tm) of nucleic acid 
hybridizations decreases in the following order: RNA:RNA, DNA:RNA, DNA:DNA. 
For hybrids of greater than 100 nucleotides in length, equations for calculating Tm 

20 have been derived (see Sambrook et al. 1989, supra, 9.50-9.51). For hybridization 
with shorter nucleic acids, Le. 9 oligonucleotides, the position of mismatches becomes 
more important, and the length of the oligonucleotide determines its specificity (see 
Sambrook et aL, supra, 1 1.7-1 1.8). A minimum length for a hybridizable nucleic acid 
is at least about 10 nucleotides; preferably at least about 15 nucleotides; and more 

25 preferably at least about 20 nucleotides. 

In a specific embodiment, the term "standard hybridization conditions" 
refers to a Tm of 55 ° C, and utilizes conditions as set forth above. In a preferred 
embodiment, the Tm is about 60 ° C; in a more preferred embodiment, the Tm is about 
65 °C. Li a specific embodiment, "high stringency" refers to hybridization and/or 

30 washing conditions at 68 °C, in 0.2 x SSC, at 42° C in 50% formamide, 4x SSC, or 

under conditions that afford levels of hybridization equivalent to those observed under 
either of these two conditions. 
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As used herein, the term "oligonucleotide" refers to a nucleic acid, 
generally of at least 10, preferably at least 15, and more preferably at least 20 
nucleotides, preferably no more than 100 nucleotides, that is hybridizable to a 
genomic DNA molecule, a cDNA molecule, or an mRNA molecule, or other nucleic 

5 acid of interest. Oligonucleotides can be labeled, e.g., with ^^-nucleotides or 

nucleotides to which a label, such as biotin, has been covalently conjugated. In one 
embodiment, a labeled oligonucleotide can be used as a probe to detect the presence 
of a nucleic acid. In another embodiment, oligonucleotides (one or both of which 
may be labeled) can be used as PCR primers, either for cloning a full length nucleic 

10 acid or a fragment of a nucleic acid encoding the hNaHIl 8 subunit, or to detect the 
presence of nucleic acids encoding hNaIII18. In a further embodiment, an 
oligonucleotide of the invention can form a triple helix with a hNaH[18-encoding 
DNA molecule. Generally, oligonucleotides are prepared synthetically, preferably on 
a nucleic acid synthesizer. Accordingly, oligonucleotides can be prepared with non- 

15 naturally occurring phosphoester analog bonds, such as thioester bonds, etc. 

The present invention also provides antisense nucleic acids, which may 
be used to inhibit expression of the hNaIE18 subunit protein of the invention. 
Inhibition of hNaIII18 expression may be desired when upregulation of hNaHI18 
expression or excessive activation of an hNaIE18-containing ion channel induces or 

20 otherwise contributes to an increase in pain or a pain disorder in a subject. 

An "antisense nucleic acid" is a single stranded nucleic acid molecule, 
which may be DNA, RNA, a DNA-RNA chimera, or derivatives thereof, which, on 
hybridizing under cytoplasmic conditions with complementary bases in an RNA or 
DNA molecule, inhibits the expression or translation of the encoded gene. If the 

25 RNA is an mRNA transcript, the antisense nucleic acid is a counter-transcript or 
mRNA-interfering complementary nucleic acid. As presently used, "antisense" 
broadly includes RNA-RNA interactions, RNA-DNA interactions, and RNase-H 
mediated arrest. Antisense nucleic acid molecules can be encoded by a recombinant 
gene for expression in a cell (e.g., U.S. Patent No. 5,814,500; U.S. Patent No. 

30 5,8 1 1 ,234), or alternatively they can be prepared synthetically (see, e.g., U.S. Patent 
No. 5,780,607). 
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In addition to antisense sequences, the present invention also provides 
ribozymes useful to inhibit hNaIII18 expression. Ribozyme technology is described 
further in Intracellular Ribozyme Applications: Principals and Protocols, Ed. Rossi 
and Couture, 1999, Horizon Scientific Press 

5 

hNaUIlS Nucleic Acids 
A polynucleotide molecule encoding hNaIII18, whether genomic DNA 
or cDNA, can be isolated from any source, particularly from a human cDNA or 
genomic library. Methods for obtaining specific polynucleotide molecules gene are 

10 well known in the art, as described above (see, e.g., Sambrook et al, 1989, supra). 
The DNA may be obtained by standard procedures known in the art from cloned 
DNA (e.g., a DNA "library 11 ), and preferably is obtained from a cDNA library 
prepared from tissues with high level expression of the encoded protein, by chemical 
synthesis, by cDNA cloning, or by the cloning of genomic DNA, or fragments 

15 thereof, purified from the desired cell (See, for example, Sambrook et al., 1989, 

supra; Glover, D.M. (ed.), 1985, DNA Cloning: A Practical Approach, MRL Press, 
Ltd., Oxford, U.K. Vol. I, II). Clones derived from genomic DNA may contain 
regulatory and intron DNA regions in addition to coding regions. Clones derived 
from cDNA will not contain intron sequences. Whatever the source, the 

20 polynucleotide molecule should be cloned into a vector suitable for its propagation. 

Identification of a specific DNA fragment containing the desired hNaUI18-encoding 
sequence may be accomplished in a number of ways. For example, a portion of a 
hNaIII18 encoding polynucleotide molecule exemplified infra can be purified and 
labeled to prepare a labeled probe, and the generated DNA library may be screened by 

25 nucleic acid hybridization to the labeled probe (Benton and Davis, Science 1977, 
196:180; Grunstein and Hogness, Proc. Natl. Acad. Sci. U.S.A. 1975, 72:3961). 
Those DNA fragments with substantial homology to the probe, such as an allelic 
variant from another individual, will hybridize. In a specific embodiment, highest 
stringency hybridization conditions are used to identify a homologous hNaIII18 gene. 

30 Further selection can be carried out on the basis of the properties of the 

gene, e.g., if the gene encodes a protein product having the same physicochemical 
profile (i.e., isoelectric, electrophoretic, electrophysiological, amino acid composition, 
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partial or complete amin o acid sequence, antibody binding activity, or ligand binding 
profile) of the hNami8 subunit protein disclosed herein. Thus, the presence of the 
nucleic acid may be detected by assays based on the physical, chemical, 
immunological, or functional properties of its expressed product. 

5 Other DNA sequences which encode substantially the same amino acid 

sequence as a hNallll 8 gene may be used in the practice of the present invention. 
These include but are not limited to allelic variants, species variants, sequence 
conservative variants, and function conservative variants. 

Amino acid substitutions may also be introduced to substitute an amino 

10 acid with a particularly preferable property. For example, a Cys may be introduced at 
a potential site for disulfide bridges with another Cys. 

Polynucleotide molecules encoding the hNami 8 subunit , and the 
encodied polypeptide, derivatives and analogs thereof ,can be produced by various 
methods known in the art. The manipulations which result in their production can 

15 occur at the gene or protein level. For example, the cloned hNallll 8 gene or cDNA 
sequence can be modified by any of numerous strategies known in the art (Sambrook 
et al. 9 1989, supra). The sequence can be cleaved at appropriate sites with restriction 
endonuclease(s), followed by further enzymatic modification if desired, isolated, and 
ligated in vitro. In the production of the polynucleotide molecule encoding a 

20 derivative or analog of hNalHl 8, care should be taken to ensure that the modified 
polynucleotide sequence remains within the same translational reading frame as the 
hNaIEI18 gene, uninterrupted by premature translational stop signals. 

Additionally, the encoding nucleic acid sequence can be mutated in 
vitro or in vivo to create and/or destroy translation, initiation, and/or termination 

25 sequences, or to create variations in coding regions and/or form new restriction 
endonuclease sites or destroy preexisting ones, to facilitate further in vitro 
modification. Such modifications can be made to introduce restriction sites and 
facilitate cloning the polynucleotide molecule into an expression vector. Any 
technique for mutagenesis known in the art can be used, including but not limited to, 

30 in vitro site-directed mutagenesis (Hutchinson, C, et aL, J. Biol. Chem.1978; 

253:6551; Zoller and Smith, DNA 1984; 3:479-488; Oliphant etal, Gene 1986; 
44:177; Hutchinson et al 9 Proc. Natl. Acad. ScL U.S.A.1986; 83:710), use of TAB 
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linkers (Pharmacia), etc. PCR techniques are preferred for site directed mutagenesis 
(see Higuchi, 1989, "Using PCR to Engineer DNA", in PCR Technology: Principles 
and Applications for DNA Amplification, H. Erlich, ed., Stockton Press, Chapter 6, 
pp. 61-70). 

5 The identified and isolated polynucleotide molecule can then be 

inserted into an appropriate cloning vector. A large number of vector-host systems 
known in the art may be used. Possible vectors include, but are not limited to, 
plasmids or modified viruses, but the vector system must be compatible with the host 
cell used. Examples of vectors include, but are not limited to, E. coli, bacteriophages 

10 such as lambda derivatives, or plasmids such as Bluescript, pBR322 derivatives or 

pUC plasmid derivatives, e.g., pGEX vectors, pmal-c, pFLAG, etc. The insertion into 
a cloning vector can, for example, be accomplished by ligating the DNA fragment 
into a cloning vector that has complementary cohesive termini. However, if the 
complementary restriction sites used to fragment the DNA are not present in the 

15 cloning vector, the ends of the DNA molecules may be enzymatically modified. 
Alternatively, any restriction site desired may be produced by ligating nucleotide 
sequences (linkers) onto the DNA termini; these ligated linkers may comprise specific 
chemically synthesized oligonucleotides encoding restriction endonuclease 
recognition sequences. In addition, simple PCR or overlapping PCR may be used to 

20 insert a fragment into a cloning vector. 

Recombinant molecules can be introduced into host cells via 
transformation, transfection, infection, electroporation, etc., so that many copies of the 
gene sequence are generated. Preferably, the cloned gene is contained on a shuttle 
vector plasmid, which provides for propagation in a cloning cell, e.g., E. coli, and 

25 facile purification for subsequent insertion into an appropriate expression cell line, if 
such is desired. For example, a shuttle vector, which is a vector that can replicate in 
more than one type of organism, can be prepared for replication in both E. coli and 
Saccharomyces cerevisiae by linking sequences from an E. coli plasmid with 
sequences from the yeast 2<£ plasmid. 

30 In a preferred embodiment of the invention, the hNaini 8 sodium 

channel is cloned using a strategy designed to minimize mutations during cDNA 
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preparation, RT-PCR amplification, and growth in bacteria. This strategy is described 
in detail infra , in Example 1. The main points are summarized as follows: 

First, as an alternative to conventional reverse transcriptases, which 
function optimally at temperatures of between 37 ° C and 43 ° C, this method employs 
5 an avian RNase (-) reverse transcriptase that functions optimally at temperatures 

between 50-65 ° C. The higher temperature serves to decrease secondary structure of 
the RNA to produce higher cDNA yield. 

Second, for amplification of the cDNA, an enzyme mixture comprising 
the conventional thermostable Taq polymerase and Pwo polymerase is used. This 
10 mixture is optimized to produce very large PCR products with low error frequency, 
thus decreasing the mutation frequency. 

Third, the number of cycles of amplification is decreased to about 28, 
as opposed to the typical 30-35 cycles to further reduce the possibility of mutation. 

Fourth, the PCR products are electrophoresed and visualized on an 
15 agarose gel containing Crystal Violet stain, as opposed to ethidium bromide. Crystal 
Violet allows visualization in white light, eliminating the need for UV exposure. UV 
is known to induce mutations in ethidium bromide-stained DNA. 

Fifth, to minimize recombination and mutation in plasmid DNA during 
amplification in bacteria, the PCRamplified cDNA is cloned into a low-copy number 
20 expression vector that is engineered to have limited replication cycles and contains a 
tetracycline-resistance gene as a selectable marker instead of an ampicillinresistance 
gene. Fewer replication cycles again reduces the error rate during DNA synthesis, 
and selection with tetracycline is less likely to induce mutations in the plasmid than is 
ampicillin. 

25 Sixth, competent bacterial cells that are designed to optimize cloning 

of unstable inserts are selected for the transformation, and grown at a lower 
temperature (30-33 °C versus 37°C) to decrease the growth rate and therefore, 
mi nimiz e the possibility of mutations. In addition, the cultures should be maintained 
in exponential (log) phase throughout growth, eliminating the possibility of mutations 

30 resulting from starvation, poor aeration, and accumulation of toxic metabolites. 
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Seventh, small tetracycline resistant colonies are chosen for evaluation 
rather than large ones. Human NaUI expression during growth is expected to be toxic 
to bacteria, thus transformed cells will yield smaller colonies. 



5 hNaIII18 Regulatory Nucleic Acids 

Elements of the hNaDIl 8 promoter can be identified by scanning the 
human genomic region upstream of the hNaIQ18 start site, e.g., by creating deletion 
mutants and checking for expression, or by using an algorithm. Sequences up to 
about 6 kilobases (kb) or more upstream from the hNaHI18 start site can contain 

10 tissue-specific regulatory elements. 

The term ff hNaIII18 promoter" encompasses artificial or heterologous 
promoters. Such promoters can be prepared by deleting non-essential intervening 
sequences from the upstream region of the hNa]H18 promoter, or by joining upstream 
regulatory elements from the hNaDIl 8 promoter with a heterologous minimal 

15 promoter, such as the CMV immediate early promoter. 

A hNami8 promoter can be operably associated with a heterologous 
coding sequence, e.g., for a reporter gene (luciferase and green fluorescent proteins 
are examples of reporter genes) in a construct. This construct can be used to test for 
conditions or reagents that normally result in expression. This construct can be used 

20 in screening assays, described below, for hNaini 8 agonists and antagonists. 

hNaIII18 regulatory nucleic acids of the present invention also include 
non-endogenous or artificial promoter sequences or sequences that encode zinc finger 
proteins that may be used, e.g., in gene activation techniques, to initiate expression of 
hNaini 8 in cells where it is not normally expressed or to upregulate expression of the 

25 hNaini 8 subunit protein to a higher level where it would otherwise be expressed in 
suboptimal levels. Gene activation techniques that may be adapted to this use are 
described in the art, e.g., in U.S. Patent Nos. 5,968,502 and 6,214,622 to Treco et al. 



Expression of hNallll 8 Polypeptides 
30 The primary goal for establishing a stable cell line expressing 

functional human sodium channels is to identify antagonists to inhibit sodium currents 
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mediated by the sodium channels. DRG neurons transmit nociceptive signals from 
the peripheral nervous system to the central nervous system. TTX-S and TTX-R 
sodium channels mediate the DRG action potentials responsible for these signals. 
However, DRG neurons express several different isoforms of TTX-S and TTX-R 

5 currents, thereby making it difficult to determine specific interactions of antagonists 
with particular subtypes of sodium channels in theses cells. 

By generating a cell line that expresses a single sodium channel 
subtype, e.g., hNaHI18, alone or preferably in combination with appropriate £ 
subunits, the effect of drugs on the different sodium channel isoforms can be assessed. 

10 Previously, developing stable cell lines expressing nucleic acids containing repetitive 
sequences, such as those contained within sodium channel genes, has been 
challenging. In particular, cell lines expressing functional sodium channels have been 
difficult to generate due to the occurrence of inactivating mutations arising in the 
cDNA during the cloning process (i.e., cDNA preparation, PCR amplification, and 

15 subsequent growth in bacteria). International PCT publication WO 98/38302 

(Delgado et al.) describes isolation, cloning and expression of a rat TTX-S sodium 
channel in Xenopus oocytes. Experiments described therein demonstrate the 
formation of a functional TTX-S channel after injection of cRNA into Xenopus 
oocytes for the a-subunit, alone or in combination with the /SI, j32 or /33 subunits. 

20 International PCT Publication WO 01/68681 (Aitken et al.) describes altered ion 

channel proteins having acquired sensitivity or refractory sensitivity to a gating agent. 
A rat sodium channel type II was modified by site-directed mutagenesis and PCR to 
contain sequences that bind o-scorpion toxins, which inactivate sodium channels, for 
use to evaluate ion channel activity and to screen for compounds for therapeutic 

25 applications. The modified sodium channel was then stably or transiently expressed 
in several mammalian host cells, including HEK293 variants and CHO cells, which 
were used in a high-throughput, plate-based screening assay. 

International PCT publication WO/02068 (Korsgaard) describes stable 
cloning of a splice variant of a rat cd sodium channel in HEK293 cells. 

30 To date, there have been no reports of stable expression of a cloned 

human sodium type III channel in mammalian cells. The method described herein 
combines several procedures to facilitate the cloning and generation of stable cell 
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lines containing such repetitive sequences, resulting in functional expression of such 
genes. In particular, the present invention describes the cloning and stable expression 
of a novel splice variant of human Nam, designated hNaIII18. 

The nucleotide sequence coding for hNaTTT18, or an antigenic 
5 fragment, derivative or analog thereof, (including, e.g., a chimeric protein) can be 
inserted into an appropriate expression vector, i.e., a, vector which contains the 
necessary elements for the transcription and translation of the inserted protein-coding 
sequence. Thus, a nucleic acid molecule having a nucleotide sequence encoding the 
hNaIII18 subunit protein of the invention can be operationally associated with a 
10 promoter in an expression vector of the invention. Either a cDNA or genomic 

sequence can be cloned and expressed under control of such regulatory sequences. 
Such vectors can be used to express functional, or functionally inactivated, hNaIII18 
polypeptides. 

The necessary transcriptional and translational signals can be provided 

15 on a recombinant expression vector, or they may be supplied from the native gene 
encoding hNaIII18 and/or its flanking regions. 

Potential host-vector expression systems include but are not limited to 
mammalian cell systems transfected with expression plasmids or infected with virus 
(e.g., vaccinia virus, adenovirus, adeno-associated virus, herpes virus, etc.); insect cell 

20 systems infected with virus (e.g., baculovirus); microorganisms such as yeast 

containing yeast vectors; and bacteria transformed with bacteriophage, DNA, plasmid 
DNA, or cosmid DNA. The expression elements of vectors vary in their strengths 
and specificities. Depending on the host-vector system utilized, any one of a number 
of suitable transcription and translation elements may be used. 

25 Expression of the hNalHl 8 protein may be controlled by any 

promoter/enhancer element known in the art, but these regulatory elements must be 
functional in the host selected for expression. Promoters which may be used to 
control hNaIII18 gene expression include, but are not limited to, cytomegalovirus 
(CMV) promoter (see, e.g., U.S. Patent Nos. 5,385,839 and 5,168,062), the SV40 

30 early promoter region (Benoist and Chambon, Nature 1981; 290:304-310), the 

promoter contained in the 3' long terminal repeat of Rous sarcoma virus (Y amamoto, 
et aL, Cell, 1980; 22:787-797), the herpes thymidine kinase promoter (Wagner et ah, 
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Proc. Natl. Acad. Sci. U.S.A., 1981; 78:1441-1445), the regulatory sequences of the 
metaUothionein gene (Brinster et al, Nature, 1982; 296:39-42, prokaryotic expression 
vectors such as the ^-lactamase promoter (Villa-Komaroff, et al. 9 Proc. Natl. Acad. 
Sci. U.S.A. 1978; 75:3727-373 1), or the tac promoter (DeBoer, et al., Proc. Natl. 

5 Acad. Sci. U.S.A. 1983; 80:21-25) (see also "Useful proteins from recombinant 

bacteria" in Scientific American, 1980, 242:74-94), promoter elements from yeast or 
other fungi such as the Gal 4 promoter, the ADC (alcohol dehydrogenase) promoter, 
PGK (phosphoglycerol kinase) promoter, alkaline phosphatase promoter, and 
transcriptional control regions that exhibit tissue specificity, such as, e.g., endothelial 

10 cell-specific promoters. 

Solubilized forms of the protein can be obtained where necessary by 
solubilizing inclusion bodies or reconstituting membrane components, e.g., by 
treatment with detergent, and if desired sonication or other mechanical processes, as 
described above. The solubilized protein can be isolated using various techniques, 

15 such as polyacrylamide gel electrophoresis (PAGE), isoelectric focusing, 

2-dimensional gel electrophoresis, chromatography {e.g., ion exchange, affinity, 
immunoaffinity, and sizing column chromatography), centrifugation, differential 
solubility, immunoprecipitation, by any other standard technique for the purification 
of proteins, or by a combination of such techniques. 

20 Since /3-subunits 1-3 are known to bind the a-subunits of sodium 

channels, the present invention also contemplates co-expression of a /3-subunit with 
NaUIl 8 . While the role played by /3-subunits in detennining the pharmacological 
properties of voltage-gated sodium channels appears to be minor, at least for the 
commonly-studied binding sites,the /3-subunits do appear to have effects on the 

25 biophysics (gating kinetics) of sodium channel function. Therefore, to the extent that 
biophysics and drug interactions are linked, the jS-subunits may affect pharmacology 
of agents used to modulate sodium channel activity.Some known p-subunits that may 
be co-expressed with the NaHI18 subunit of the invention are described in Isom et al., 
Neuron 1994; 12:1 183-94; International PCT publication WO 01/44293 to Plumpton 

30 et al.; International PCT publication WO 01/23570 to d' Andrea et al.; U.S. published 
patent application 2002/0045229 to Qin et al.; and under GenBank Accession Nos. 



29 



WO 2004/050857 



PCT/US2003/038796 



U87445, AF007783, AH005825, AF007783, AF04948, L10338 and LI 6242, among 
others 

hNamig Binding Partners 

5 The present invention further provides a method for identifying 

physiological binding partners of hNaIII18. One method for evaluating and 
identifying hNaIII18 binding partners is the yeast two-hybrid screen. Preferably, the 
yeast two-hybrid screen is performed using an cell library with yeast that are 
transformed with recombinant hNaini 8. Alternatively, hNaini 8 can be used as a 

10 capture or affinity purification reagent. In another alternative, labeled hNaini 8 can 
be used as a probe for binding, e.g., by immunoprecipitation or Western analysis. 
Several expected hNaini 8 binding partners are the sodium channel j8 subunits, as 
described in the section above. 

Generally, binding interactions between hNaini 8 and any of its 

15 binding partners will be strongest under conditions approximating those found in the 
native cell, i.e., physiological conditions of ionic strength, pH and temperature, and 
particularly those obtaining in the cell membrane. Perturbation of these conditions 
will tend to disrupt the stability of a binding interaction. 

20 Antibodies to hNaIII18 

Antibodies to hNaini 8 are useful, inter alia, for determining the 
presence of hNaini 8 in a cell and for cellular regulation (i.e., inhibition) of hNaini 8 
activity, as set forth below. According to the invention, a hNaini 8 polypeptide 
produced recombinantly or by chemical synthesis, and fragments or other derivatives 

25 or analogs thereof, including fusion proteins, may be used as immunogens to generate 
antibodies that recognize the hNaini 8 polypeptide. Such antibodies include but are 
not limited to polyclonal, monoclonal, chimeric, single chain, Fab fragments, and Fab 
expression libraries. Such an antibody binds specifically to hNaini 8, and may 
recognize either a mutant form of hNaini 8 or wild-type hNaini 8, or both. The 

30 antibodies of the present invention are specific for hNaini 8 and either do not 

recognize, or bind with lower affinity to, orthologs of hNaini 8. In one embodiment, 
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specific binding of such antibodies to hNaIII18 polypeptides provides the ability to 
detect the presence of the hNaHI18 polypeptide in a sample. In another embodiment, 
specific binding of such antibodies to hNaIII18 polypeptides provides the ability to 
preferentially inhibit the activity of hNaini 8, or an ion channel comprising hNaIII18. 

5 Various procedures known in the art may be used for the production of 

antibodies against hNaHI18 polypeptides. These include but are not limited to the 
hybridoma technique originally developed by Kohler and Milstein (Nature 1975; 
256:495-497), as well as the trioma technique, the human B-cell hybridoma technique 
(Kozbor et al, Immunology Today 1983, 4:72; Cote et al, Proc. Natl. Acad. Sci. 

10 1983, 80:2026-2030), and the EBV-hybridoma technique to produce human 

monoclonal antibodies (Cole et al, in Monoclonal Antibodies and Cancer Therapy, 
AlanR. Liss, Inc., 1985, pp. 77-96). 



hNaHHS Agonists and Antagonists 

15 The present invention also contemplates the identification of 

compounds that modulate hNaini 8 sodium channel activation and activity. Such 
compounds are useful, e.g., for inhibiting (i.e., antagonizing) or increasing (i.e., 
agonizing) biological activities that are associated with sodium channel activation 
and/or as therapeutic agents for treating disorders associated with excessive sodium 

20 channel activation. 

Compounds that modulate hNaIII18 activity or an activity associated 
therewith may be readily identified using screening methods of the present invention. 
In one embodiment, compounds identified by the screening methods of this invention 
bind to a hNaini 8-subunit containing ion channel. Compounds identified by the 

25 present method may antagonize or agonize hNaini 8 subunit-containing channel 

activity, as well as a related downstream biological effect (e.g., the ability of DRG to 
transmit nociceptive signals from the PNS to the CNS) that are associated with 
excessive sodium channel current and activity. 

In vivo or cell culture assays may be used to determine whether a test 

30 compound functions as an antagonist to inhibit hNaini 8 activity in cells. For 

instance, cell culture assays may be used to measure a test compound's ability to 
modulate an activity, such as induction, strength or duration of sodium channel 
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current associated with hNaini 8 subunit-containing sodium channel activity. Such 
assays generally comprise contacting a cell that expresses a hNaHI18 subunit 
containing sodium channel with a test compound. The cell should preferably be 
contacted with the test compound before or during exposure to an agent or stimulus 
5 that otherwise would serve to depolarize the cell membrane and thus activate (i.e. 9 
open) the sodium channel: e.g. a high potassium chloride saline solution, or an 
extracellular field-stimulating electrode. The cell can then be examined to determine 
whether a response otherwise associated with sodium channel activation has been 
inhibited. In a non-limiting embodiment, the response of the cell treated with the test 

10 compound is compared to that of a control cell that has not been treated with the test 
compound. Cell assays include those utilizing conventional, electrode-based, 
electrophysiological techniques, as well as the new generation high-throughput, 
planar electrode (orifice) -based, electrophysiological technologies, among others. 
Other assays include monitoring changes in membrane potential with appropriate 

15 fluorescent, or luminescent, dyes, measuring ion flux through the sodium channel 

with a radiolabeled tracer, or assaying downstream consequences of sodium channel 
activation, such as calcium mobilization or effects on gene expression, using an 
appropriate reporter system. 

Positive modulation (i.e., agonism) of hNaIII18 subunit-containing 

20 channels may be desirable under certain circumstances, and screening for such 
agonists can be conducted according to the methods of the invention. 



Screening 

According to the present invention, nucleotide sequences encoding 

25 hNaini 8 are useful targets to identify drugs that are effective in preventing or 

alleviating pain, or drugs that can be used as anti-epileptics/anticonvulsants, 

anesthetic antiarrythmics, and in the treatment of bipolar disorder (see section 

entitled Therapeutics, below), any of which may be associated with the function of the 

sodium channel. Examples of such drugs include without limitation: (i) isolated 

30 nucleic acids capable of altering expression of hNaini 8 (e.g., antisense or ribozyme 

molecules); (ii) small organic molecules that bind to and modulate the function of a 

hNalHl 8 subunit or a hNaini 8 subunit-containing ion channel; and (iii) peptides or 
» 
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peptide analogs that bind to and modulate the function of a hNalEl 8 subunit or a 
hNaIII18 subunit-containing ion channel. In addition, the nucleotide sequences 
encoding hNaIII18 are useful for studying the role of the channels both in pain 
perception and in physiological and pathological brain functions. 

5 Any screening technique known in the art can be used to screen for 

agonists or antagonists. The present invention contemplates screens for small 
molecules and mimics, as well as screens for natural products that bind to and agonize 
or antagonize hNalHl 8-containing ion channels. For example, natural product 
libraries can be screened using assays of the invention for molecules that agonize or 

10 antagonize hNaDIl 8-containing ion channel activity. 

Knowledge of the primary sequence of hNa]H18, and the similarity of 
that sequence with proteins of known function, can provide an initial lead to inhibitors 
or antagonists. Identification and screening of modulators is further facilitated by 
determining structural features of the protein, e.g., using X-ray crystallography, 

15 neutron diffraction, nuclear magnetic resonance spectrometry, and other techniques 
for structure determination. These techniques provide for the rational design or 
identification of agonists and antagonists. 

Another approach uses recombinant bacteriophage to produce large 
libraries. Using the "phage method" (Scott and Smith, Science 1990, 249:386-390; 

20 Cwirla, et aL, Proc. Natl. Acad. Sci. USA 1990, 87:6378-6382; Devlin et al, Science 

1990, 49:404-406), very large libraries can be constructed (106-108 chemical 
entities). A second approach uses primarily chemical methods, of which the Geysen 
method (Geysen et al., Molecular Immunology 1986, 23:709-715; Geysen et al. J. 
Immunologic Methods 1987, 102:259-274); and the method of Fodor et al. (Science 

25 1991, 251:767-773) are examples. Furka et al. (14th International Congress of 

Biochemistry 1988, Volume #5, Abstract FR:013; Furka, Int. J. Peptide Protein Res. 

1991, 37:487-493), Houghton (U.S. Patent No. 4,631,211) andRutter et al. (U.S. 
Patent No. 5,010,175) generally describe methods to produce a mixture of peptides 
that can be tested as agonists or antagonists. 

30 In another aspect, synthetic libraries, such as those described in 

Needels et al., Proc. Natl. Acad. Sci. USA 1993, 90:10700-4; Ohlmeyer et al., Proc. 
Natl. Acad. Sci. USA 1993, 90:10922-10926; Lam et al., PCT Publication No. WO 
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92/00252; and Kocis et al., PCT Publication No. WO 9428028, and the like, can be 
adapted to screen for compounds according to the present invention. 

Test compounds can be screened from large libraries of synthetic or 
natural, compounds. Numerous means are currently used for random and directed 

5 synthesis of saccharide, peptide, and nucleic acid based compounds. Synthetic 

compound libraries are commercially available from a variety of sources, including 
Maybridge Chemical Co. (Trevillet, Cornwall, UK), Comgenex (Princeton, NJ), 
Brandon Associates (Merrimack, NH), and Microsource (New Milford, CT). A rare 
chemical library is available from Aldrich (Milwaukee, WI). Alternatively, libraries 

10 of natural compounds in the form of bacterial, fungal, plant and animal extracts are 
available from a variety of sources including, e.g., Pan Laboratories (Bothell, WA) 
and MycoSearch (NC), or are readily producible de novo. Additionally, natural and 
synthetically produced libraries and compounds are readily modified through 
conventional chemical, physical, and biochemical means (see, e.g., Blondelle et al., 

15 TIBTech 1996, 14:60). 

In Vitro Screening Methods and Activity Assays 
Cell-based screening 
Intact cells expressing a hNaIII18 subunit-containing ion channel can 

20 be used in screening methods to identify candidate compounds useful in modulating 
the activity of sodium channels containing hNaH[18. In one embodiment, a cell line is 
established that stably expresses or overexpresses the hNaIII18 subunit protein, either 
alone or in combination with one or more other sodium channel j3 subunits, to form a 
functional sodium channel. Alternatively, cells (including without limitation 

25 mammalian, invertebrate, yeast, or bacterial cells) aire transiently programmed to 

express a hNaIH18 subunit protein by introduction of the appropriate DNA or mRNA. 
Identification of candidate compounds can be achieved using any suitable assay, 
including without limitation: (i) assays that measure binding of test compounds to 
hNami 8 (alone or in combination with sodium channel (3 subunits described supra): 

30 (ii) assays that measure the ability of a test compound to modulate (i.e., agonize or 
antagonize) a measurable activity or function of hNaIII18 or a hNaUI18 subunit- 
containing ion channel; and (iii) assays that measure the ability of a compound to 
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enhance or inhibit the transcriptional activity of sequences derived from the promoter 
{i.e., regulatory) regions of the hNaIII18 gene. 

Any cell assay system that allows for assessment of functional activity 
of a hNaHI18 subunit-containing sodium channel is encompassed by the present 
5 invention. In a specific embodiment, described infra, the assay can be used to 

identify compounds that selectively modulate the hNaIII18 subunit protein, which can 
be determined by assessing the effects on NaIH18 subunit-expressing cells contacted 
with a test compound. The assay system can thus be used to identify compounds that 
selectively produce a functional effect through hNaIII18 sodium channels. 
10 Compounds that decrease activity of the sodium channel in response to activation may 
be useful as novel therapeutics in the amelioration of neuropathic pain mediated by 
DRG neurons, or as anti-epileptics/convulsants, anesthetics, antiarrythmics, or in the 
treatment of bipolar disorder. 

Compounds that increase activity of sodium channels may be useful as 
15 cognitive enhancers, or in disorders such schizophrenia. In these instances, a subtype- 
selective agent would be preferable to offset the potential for proconvulsant effects 
and to increase cardiac contractility in individuals suffering from heart failure. 

Alternatively, the change in membrane potential induced by sodium 
ions of the voltage-gated channel-containing cells maybe monitored using 
20 fluorescence methods. When using fluorescence methods, the voltage-gated channel 
containing cells may be incubated with a membrane potential indicating agent that 
allows for a determination of changes in the membrane potential of the cells caused 
by the influx of sodium ions. Such membrane potential indicating agents include 
fluorescent indicators, such as those provided in a Molecular Devices Membrane 
25 Potential Kits for the FLEPR/Flexstation, DIBAC4(3), DiOC6(6) DiOC5(3), 

DiOC2(3) and fluorescence resonance energy transfer (FRET) based dyes such as 
JC1, and JC9, among others. 

Another method that allows for assessment of functional activity of 
hNaIII18-containing sodium channels involves monitoring the change in membrane 
30 potential induced by sodium ions on the channel-containing cells by fluorescent 

methods, e.g., using a FLIPR assay (Fluorescence Image Plate Reader; available from 
Molecular Devices)(Rose et al. Pflugers Arch. 1999 Dec;439(l-2):201-7). Another 
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method involves radioactive flux assays that measure the ability of radioactive tracer 
ions such as [ 22 Na] and [ 14 C] guanidinium to pass into the cell upon channel activation 
(Barann M. et al. Naunyn Schmiedebergs Arch Pharmacol. 1999; 360(3):234-41). 
After the channel is activated, concentrations of these tracer ions increase inside the 
5 cell. Free extra-cellular tracer is washed away, cells are lysed, and radioactivity in the 
lysates is counted using standard scintillation counters or other radioactivity analysis 
instruments. 

Yet another method involves measuring cell viability upon veratridine- 
mediated stabilization of sodium channels in their open conformation (Okuyama K. et 
10 al., Eur J Pharmacol. 2000; 398(2):209-16). Cells undergo toxic sodium overload 

followed by cell death. Compounds that prevent cell death, or cellular toxicity, can be 
assayed with standard cytoxicity kits and with standard cell viability dyes such as 
alamar blue. 



15 Cell-Free Screening 

In another embodiment, an assay is a cell-free assay comprising 
contacting a hNaIH18 polypeptide or biologically active portion thereof with a test 
compound and determining the ability of the test compound to modulate {e.g., 
stimulate or inhibit) the activity of the hNaDIl 8 polypeptide or biologically active 

20 portion thereof. 

In yet another embodiment, the cell-free assay comprises (i) contacting 
the hNallll 8 polypeptide of the invention or biologically active portion thereof with a 
known compound or polypeptide which binds the hNaIII18 polypeptide to form an 
assay complex; (ii) contacting the assay complex with a test compound; (iii) 

25 determining the ability of the test compound to interact with the hNallll 8 polypeptide 
by determining the ability of the test compound to modulate the effect of the known 
compound on the activity of the sodium channel. 

More specifically, a cell-free method can involve monitoring the 
specific binding of a radiolabeled sodium channel selective neurotoxin, such as 

30 [ 3 H]tetrodotoxin or [ 3 H]batrachotoxin, or a high affinity small-molecule ligand, to a 
membrane preparation from cells or tissues engineered to express hNaIII18- 
containing sodium channels (Garritsen A. et al. Eur J Pharmacol. 1988; 145(3):261-6; 
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MacKinnon AC. et al. J Phaimacol. 1995; 115(6):1103-9; Bambrick L. et al., J 
Pharmacol Toxicol Methods. 1994; 32(3): 129-38). Following techniques that are well 
know in the art, total binding to membranes can be measured upon incubation with 
the radioligand until the biomolecular reaction reaches equilibrium. Nonspecific * 

5 binding is defined in the presence of an unlabelled competitor ligand. Specific 
binding is the subtraction of total minus nonspecific binding. Compounds that 
modulate specific binding can thereby be identified. 

ha another embodiment, modulators of expression of the hNaIII18 
polypeptide of the invention are identified in a method in which a cell is contacted 

10 with a candidate compound and the expression of the mRNA or protein corresponding 
to hNami8 in the cell is determined. The level of expression of the hNaHI18 mRNA 
or protein in the presence of the candidate compound is compared to the level of 
expression of the hNaini 8 mRNA or protein in the absence of the candidate 
compound. The candidate compound can thereby be identified as a modulator of 

15 expression of the hNaH[18 polypeptide of the invention based on this comparison. 

For example, when expression of the hNami8 mRNA or protein is increased in tihte 
presence of the candidate compound compared to in the absence of the candidate 
compound, then the candidate compound is identified as a stimulator of hNaHI18 
mRNA or protein expression. Alternatively, when expression of the hNaIU18 mRNA 

20 or protein is specifically reduced in the presence of the candidate compound 

compared to in the absence of the candidate compound, then the candidate compound 
is identified as an inhibitor of hNa]H18 mRNA or protein expression. In view of this 
disclosure, the level of the hNaIII18 mRNA or protein expression in cells can be 
determined by methods known in the art. 

25 

Hieh-Throuehvut Screen 
Drug candidates according to the invention can be identified by 
screening in high-throughput assays, including without limitation cell-based or cell- 
free assays. It will be appreciated by those skilled in the art that different types of 
30 assays can be used to detect different types of drug candidates. Several methods of 
automated assays have been developed in recent years so as to permit screening of 
tens of thousands of compounds in a short period of time. Such high-throughput 
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screening methods are particularly preferred. The use of high-throughput screening 
assays to test for agents is greatly facilitated by the availability of the large amounts 
of purified hNaIII18 polypeptides provided by the invention. 

5 Therapeutic Uses 

It is desirable to modulate the function of sodium channels in a number 
of clinical and therapeutic environments. Sodium channels are implicated in 
conditions including chronic and neuropathic pain, cardiac arrhythmias (Duch et al., 
Toxicol Lett 1998; 100-101:255-63), neuronal disorders associated with deficient 

10 oxygen supply or mitochondrial dysfunction (Urenjak et al., Amino Acids 1998;14(1- 
3):151-8), and epilepsy (Ragsdale et al., Brain Res Rev 1998;26(1): 16-28). In 
addition, inhibition of sodium channels is an effect of local anesthetics (Li et al., Mol 
Pharmacol 1999; 55(1):134-41). 

According to the present invention, inhibition of hNaIII18 subunit- 

15 containing sodium channel activity may be used as a treatment option in patients with 
a pain disorder, such as but not limited to a neuropathic pain-related disease such as, 
e.g., pain from peripheral nerve trauma, herpes virus infection, diabetes mellitus, 
causalgia, plexus avulsion, neuroma, limb amputation, and vasculitis. Neuropathic 
pain is also caused by nerve damage from chronic alcoholism, human 

20 immunodeficiency virus infection, hypothyroidism, uremia, or vitamin deficiencies. 
The neuronal hyperexcitability and corresponding molecular changes in neuropathic 
pain have many features in common with the cellular changes in certain forms of 
epilepsy. This has led to the use of anticonvulsant drugs for the treatment of 
neuropathic pain (Jensen, Eur J Pain 2002;6 Suppl A:61-8). Local anesthetics such as 

25 lidocaine and mexiletine have also be shown to inhibit TTX-S sodium channel 

activity in hyperexcitable neurons in rat (Novartis Found Symp 2002;241:189-201; 
discussion 202-5, 226-32). 

Inhibition of the sodium channel of the present invention may also be 
used as a treatment option in patients with chronic pain. In chronic pain, the pain can 

30 be mediated by multiple mechanisms. This type of pain generally arises from injury 
to the peripheral or central nervous tissue. The chronic pain-type syndromes include 
pain associated with spinal cord injury, multiple sclerosis, post-herpetic neuralgia, 
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trigeminal neuralgia, phantom pain, causalgia, and reflex sympathetic dystrophy and 
lower back pain. 

Inhibition of the sodium channel of the present invention may also be used as 
a treatment option in patients with nociceptive pain. 

5 

Inhibition of Protein Synthesis or Sodium Channel Activity 
Gene transcription and protein translation may be inhibited by 
administration of exogenous compounds. Exogenous compounds may interact with 
extracellular and/or intracellular messenger systems to regulate protein synthesis. In 
10 this embodiment, exogenous compounds that inhibit hNaIII18 protein synthesis may 
be used in the prevention and/or treatment for pain resulting from persistent channel 
activity. 

Accordingly, in an exemplary embodiment, the modulatory method of 
the invention involves contacting a cell, tissue or subject with an agent that modulates 

15 one or more of the activities of hNaini 8 protein activity associated with the cell. An 
agent that modulates hNami8 protein activity can be an agent as described herein, 
such as a nucleic acid or a protein, an hNaini 8-specific antibody, an hNallll 8 agonist 
or antagonist, a peptidomimetic of an hNaH[8 agonist or antagonist, or other small 
molecule. In one embodiment, the agent stimulates one or more hNaIII18 activities. In 

20 another embodiment the agent inhibits one or more hNaini 8 activities. Examples of 
such inhibitory agents include antisense hNaini 8 nucleic acid molecules, anti- 
hNaIII18 antibodies, and hNaini 8 inhibitors. These modulatory methods can be 
performed in vitro (e.g., by culturing the cell with the agent) or, alternatively, in vivo 
(e.g., by administering the agent to a subject). As such, the present invention provides 

25 methods of treating an individual afflicted with a disease or disorder characterized by 
aberrant or unwanted expression or activity of a hNaini 8 protein or nucleic acid 
molecule. In one embodiment, the method involves administering an agent (e.g., an 
agent identified by a screening assay described herein), or combination of agents that 
downregulates hNaini 8 expression or activity or the activity of a hNaini 8 subunit- 

30 containing ion channel. 
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In yet another embodiment, the agent enhances one or more hNa]H18 
activities, such as by administering a hNaIII18 protein or nucleic acid molecule as 
therapy to compensate for reduced or aberrant hNaIII18 expression or activity. 

The present invention further provides antisense nucleic acids, which 

5 may be used to inhibit expression of hNaIII18 nucleotide sequences of the invention. 
This antisense technology has been described as inhibiting the peripheral tetrodotoxin 
(TTX)-resistant sodium channel, NaV1.8, found in sensory neurons, when 
administered intrathecally (Lai et al., Pain 2002; 95 (1-2): 143-52). According to this 
method, the antisense nucleic acid, upon hybridizing under cytoplasmic conditions 

10 with complementary bases in an RNA or DNA molecule, inhibits the RNA or DNA. 
Additionally, hybridization of the antisense nucleic acid to the DNA or RNA may 
inhibit transcription of the DNA into RNA and/or translation of the RNA into the 
protein. If the RNA is a messenger RNA transcript, the antisensejnucleic acid is a 
counter-transcript or mRNA-interfering complementary nucleic acid. Antisense 

15 nucleic acid molecules can be encoded by a recombinant gene for expression in a cell 
(see, e.g., U.S. Patent No. 5,814,500; U.S. Patent No. 5,811,234) or can be prepared 
synthetically (e.g., U.S. Patent No. 5,780,607). 

Alternatively, antibody molecules or antigen-binding antibody 
fragments can be administered either directly or by expressing nucleotide sequences 

20 encoding antibodies or binding fragments thereof within the target cell population by 
utilizing, for example, techniques such as those described in Marasco et al. (Proc. 
Natl. Acad Sci. USA, 1993, 90:7889-7893). 



Formulations and Administration 

25 The drug candidate or agent that modulates hNaTQ18 activity is 

advantageously formulated in a pharmaceutical composition by admixing the drug 
candidate or agent with a pharmaceutically acceptable carrier. This agent may then be 
designated as the active ingredient, or therapeutic agent for use, for example, against 
chronic, neuropathic pain, or nociceptive pain 

30 The form, amount and route of administration of the therapeutic 

compound envisioned for use depends on the type and severity of the disease or 
condition to be treated, as well as the patient's state of health, gender, weight, age, 
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etc., and can be determined by an attending medical practitioner in view, e.g., of the 
results of published clinical trials. The concentration or amount of the active 
ingredient depends on the desired dosage and administration regimen, as discussed 
below. Suitable dose ranges may include from about 1 mg/kg to about 100 mg/kg of 

5 body weight per day. 

The pharmaceutical compositions may also include other biologically 
active substances in combination with the Nami8 modulatory agent. Such 
substances include but are not limited to opioids such as morphine, codeine, fentynyl, 
oxycodone, hydrocodone, and buprenorphine; and non-steroidal anti-inflammatory 

10 drugs (NSAID's) such as but not limited to ibuprofen and COX-2 inhibitors, among 
others 

The phrase "pharmaceutically acceptable" refers to molecular entities 
and compositions that are physiologically tolerable; and do not typically produce an 
allergic or similar untoward reaction, such as gastric upset, dizziness and the like, 

15 when administered to a human. Preferably, as used herein, the term 

"pharmaceutically acceptable" means that the carrier has been approved by a 
regulatory agency of the Federal or a state government or listed in the U.S. 
Pharmacopeia pr other generally recognized pharmacopeia for use in animals, and 
more particularly in humans. The term "carrier" refers to a diluent, adjuvant, 

20 excipient, or vehicle with which the active ingredient is administered. Such 

pharmaceutical carriers can be sterile liquids, such as water and oils, including those 
of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil, 
mineral oil, sesame oil and the like. Water or aqueous solution saline solutions and 
aqueous dextrose and glycerol solutions are preferably employed as carriers, 

25 particularly for injectable solutions. Suitable pharmaceutical carriers are described in 
'"Remington's Pharmaceutical Sciences" by E.W. Martin. 

According to the invention, the pharmaceutical composition of the 
invention can be introduced parenterally, transmucosally, e.g., orally (per os), nasally, 
rectally, or transdermally. Parental routes include intravenous, intra-arteriole, 

30 intramuscular, intradermal, subcutaneous, intraperitoneal, intraventricular, and 

intracranial administration. The pharmaceutical composition may alternatively be 
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adapted for topical or transdermal application, such in a salve, cream, lotion, spray or 
transdermal patch system. 

The pharmaceutical compositions maybe added to a retained 
physiological fluid such as blood or synovial fluid. For CNS (Central Nervous 
5 System) administration, a variety of techniques are available for promoting transfer of 
the therapeutic across the blood brain barrier including disruption by surgery or 
injection, co-administration of drugs that transiently open adhesion contact between 
CNS vasculature endothelial cells, and co-administration of substances that facilitate 
translocation through such cells. 

10 In another embodiment, the active ingredient can be delivered in a 

vesicle, in particular a liposome (see Langer, Science 1990; 249:1527-1533; Treat et 
al., in Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein 
and Fidler (eds.), Liss: New York 1989 pp. 353-365; Lopez-Berestein, ibid., pp. 317- 
327; see generally ibid.). 

15 In yet another embodiment, the therapeutic substance can be delivered 

in a controlled release formulation. For example, an active ingredient may be 
administered using intravenous infusion with a continuous pump, in a polymer matrix 
such as poly-lactic/glutamic acid (PLGA), a pellet containing a mixture of cholesterol 
and the active ingredient (SilasticRTM; Dow Corning, Midland, MI; see U.S. Patent 

20 No. 5,554,601) implanted subcutaneously, an implantable osmotic pump, a 
transdermal patch, liposomes, or other modes of administration. 

Compounds identified in the screening methods described herein {i.e., 
modulators of sodium channel activity), may be provided to the patient in 
formulations that are known in the art and may include any pharmaceutically 

25 acceptable additives, such as excipients, lubricants, diluents, flavorants, colorants, and 
disintegrants. The formulations may be produced in useful dosage units such as 
tablet, caplet, capsule, liquid, or injection. In a further embodiment, these compounds 
are also administered in conjunction with other therapeutic agents such as the local 
anesthetics and anti-epileptic or anti-convulsants discussed supra. 

30 The form and amount of therapeutic compound envisioned for use 

depends on the type of disease and the severity of the desired effect, patient state, etc., 
and can be determined by one skilled in the art. 
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EXAMPLES 

The present invention is also described by means of an example, 
presented below. The use of such an example is illustrative only and in no way limits 
5 the scope and meaning of the invention or of any exemplified term. Likewise, the 
invention is not limited to any particular preferred embodiments described herein. 
Indeed, many modifications and variations of the invention will be apparent to those 
skilled in the art upon reading this specification and can be made without departing 
from its spirit and scope. The invention is therefore encompassed by the appended 
10 claims along with the full scope of equivalents to which the claims are entitled. 

EXAMPLE 1: CLONING AND EXPRESSION OF HUMAN NaIII18 

Methods 

Reverse transcription and amplification of hNaIII18 cDNA. Reverse 
15 transcription was carried out using ThermoScript Reverse Transcriptase (Life 
Technologies, Rockville, MD), at an annealing temperature of 55 °C to maximize the 
likelihood of obtaining a full-length mRNA, according to manufacturer's instructions. 

The following primers were designed to amplify the resulting full- 
length hNaDI18 cDNA: 



forward 
primer (SEQ 
ID NO: 7) 



5' - ATAAGAATGCGGCCGCTGAAAAGATGGCACAGGCAC-3 9 



reverse 
primer (SEQ 
ID NO: 8) 



5' - ATAGTTTAGCGGCCGCCTTGAAGTCCAGTTGACACA -3' 



20 



Primers were designed from the human NaUI (SCN3A) mRNA 
sequence previously identified (GenBank Accession # AJ251507). 

Full-length cDNA (6000 base-pairs) was amplified using the Expand 
Long Template PCR (Boehringer Mannheim, Indianapolis, IA) according to the 
25 manufacturer's instructions. This enzyme is a mixture of thermostable Taq and Pwo 
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DNA polymerases. The number of cycles used for amplification was decreased to 28 
cycles instead of the traditional 30-35 as an added precaution to minimize the 
occurrence of mutations during PCR. 

Purification and cloning of PCR products into expression vectors. 
5 PCR products resulting from the above-described reaction were visualized after 

electrophoresis on an agarose gel containing Crystal Violet. DNA was purified from 
the gel vising methods well known in the art. DNA was stored in Tris-EDTA buffer, 
pH 7.4. 

The PCR-amplified cDNA was cloned into a low-copy number 
10 expression vector, pLCTMl (kindly provided by Al Goldin, UCI) according to 
standard procedures. This vector is under the control of the origin of replication 
(ORI) from plasmid pACYC184, which has a limited number of replication cycles, 
resulting in a decreased error rate during DNA replication. 

Further, the plasmid contains a tetracycline-resistance gene instead of 
15 an ampicillin-resistance gene for selection. Tetracycline is less likely to induce 

mutations than ampicillin during selection. The plasmid also contains a neomycin 
resistant gene (NeoR) for selection of stable cell lines using the neomycin analog 
G418. 

Once cloned, the vectors were transformed into maximum efficiency 
20 STBL2 competent E. coli bacteria (Life Technologies, Rockville, MD), provided in 
the kit according to manufacturer's instructions. These cells optimize the cloning of 
unstable inserts. Bacteria expressing hNaIII18 were grown at 30-33 °C, and 
maintained in exponential (log) growth phase for the duration of culture. 

Small tetracycline-resistant colonies were selected and grown-up for 
25 small-scale DNA preparations and large-scale preparations. The concentration of 
tetracycline was kept low (15 jug/ml) to further minimize adverse growth conditions. 
The cDNA was extracted using the Wizard Plus S V Minipreps DNA Purification 
System Kit (Promega, Madison, WT) according to the manufacturer's instructions, or 
Qiagen Midipreps according to manufacturer's instructions (Qiagen, Valencia, CA). 
30 cDNA was then analyzed by restriction digest, and partial sequencing. Full 

sequencing was performed by MWG (North Carolina). Partial sequencing was done 
with standard DTCS sequencing method using a commercial Beckman Coulter kit 
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Transient and stable transfection. In order to identify functional 
clones, human embryonic kidney cells (HEK293) were transiently transfected with 
clones that were identified as having the correct insert, and surveyed by an 
electrophysiological assay (Fugene transfection reagent, according to manufacturer's 
5 recommendation). One clone, pLCTMlhuNaIH-1 8, was determined to be functional 
as it gave large TTX-S currents with the expected activation and inactivation kinetics 
typical of NalDL channel. For example, typical activation is measured within fractions 
of ms at Vm=0mV (corresponding Imax). Inactivation is measured as the time 
constant between 1-3 ms at Vm=0mV (increasing to 20 ms at -50 mV to 0.5 ms at 
10 +40mV). Recovery from inactivation is a time constant of about 1 0ms at Vm— 
lOOmV and 60 ms at -80mV (see e.g., Cummins et al., J Neurosci 2001; 21:52- 
5961). 

This clone was fully sequenced for confirmation. In addition, several 
non-functional clones were partially sequenced. 

15 Clone pLLCTMlhuNaH[-18 was used to generate a stable cell line in 

HEK293 cells. Fugene-mediated transfection of HEK cells was performed in 35 mm 
dish followed by G418 selection (300 and 500 p.g/ml), colony isolation, line 
expansion. G418-resistant cells were then analyzed with immunocytochemistry, RT- 
PCR and electrophysiology according to standard techniques. 

20 Electrophysiology. Stably transfected cells were grown on poly DL- 

lysine-coated glass coverslips at -2,000 cells/slip, or Petri dishes at -10,000 cells/dish 
and were then placed into the electrophysiology recording chamber and infused with 
an extracellular solution (140 mM NaCl, 4.7 mM KC1, 1.2 mM MgCl 2 , 1 mM CaCl 2 , 
1 1 mM glucose and 5 mM HEPES, pH 7.4) at a rate of 2 ml/min. Electrodes were 

25 prepared by pulling Patch pipettes (borosilicate glass) using a Sutter P-97 electrode 
puller, and were filled with a solution containing 110 mM CsCl, 10 mM NaCl, 5 mM 
MgCl 2 , 1 1 mM EGTA, 10 mM HEPES, 2 mM ATP and 1 mM GTP, pH 7.25, 
osmolality 275-290 mOsm. When filled with this solution, the electrodes had 
resistances of about 1-4 MS. Currents were recorded using a whole-cell voltage 

30 clamp techniques as described in Hamill et al. (Pflugers Arch. 1981; 391; 85-100), at 
room temperature (21-23 ° C). Briefly, currents were recorded using an Axopatch 
200A amplifier (Axon Instruments, Foster City, CA) and were leak-subtracted (P/4), 
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low-pass filtered (3 kHz, 8-pole Bessel), digitized (20-50-jlcs intervals), and stored 
using Digidata 1200 B interface and Pclamp6/Clampex software (Axon Instruments, 
Foster City, CA). Residual series access resistance was largely (75-80%) canceled 
using built-in amplifier circuitry. The junction potential calculated using JPCalc W 

5 software (Cell MicroControl, Virginia Beach, VA) was small (<7 mV); so, no 
correction of the holding voltage was made. 

To take I-V curves, cells were held at a holding voltage, Vh = -90mV. 
A series of 16 depolarizing pulses (10ms in duration) incrementing in 10 mV steps 
were applied at a frequency of 0.5 Hz. The peak values of currents were plotted 

10 against corresponding voltage steps to get the I-V curve. From this plot Vmax, i.e., the 
voltage causing the maximal Na + current, as well as rising times to peak and time 
constant for inactivation at different voltages were determined. To get steady-state 
inactivation curves, cells were held at a holding voltage, V h = -120mV to remove 
residual inactivation. A series of 30 depolarizing conditioning pre-pulses (each 

15 100ms in duration) incrementing in 5 mV steps immediately followed by a 5 ms 
testing pulse, V t , to Vmax were applied at a frequency of 0.5 Hz. The peak currents in 
response to V t were plotted against the size of corresponding conditioning pre-pulses, 
V c , to get steady-state inactivation curve. The Boltzman fit to this curve, i.e. 9 
{l/[l+exp((V+ VVi) /k)]}, returned the values of W 2 (the half-inactivation voltage) 

20 and k (the slope of the curve). 

To measure recovery from inactivation, cells were held at a holding 

voltage 

Vh= -120mV to remove residual steady-state inactivation. The depolarizing 
conditioning pre-pulse (100 ms in duration) was applied to V c to cause complete 

25 inactivation of the channels (usually V c =-10 mV) . The conditioning pre-pulse was 

immediately followed by hyperpolarizing gap back to -120mV of a variable duration. 
The gap duration was incremented in subsequent cycles in varying steps (2 ms -100 
ms) depending on the speed of recovery. The gap was immediately followed by the 
testing pulse V t (10 ms in length) to assess the fraction of Na + channels available for 

30 activation. The cycle was repeated every 5 seconds while the gap duration was 
incremented. The peak currents to V t were plotted against the corresponding gap 
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duration to get the kinetics of recovery. The mono- or double- exponential fit to the 
data returned the time constant, T repr ., of repriming from inactivation. 

Results 

5 Identification of a splice-variant for human Nalll (SCN3). Clone 

pLCMlhuNaIH-18 is a novel splice variant and contains an additional 147 
nucleotides corresponding to 49 amino acids in the cytoplasmic loop between domain 
1S6 and ESI (see SEQ ID NO: 1 and SEQ ID NO: 2). Partial sequencing of several 
other clones that were not determined to have functional activity revealed sequences 

10 that either matched the published sequence (GenBank Accession #AJ25 1507) or 
contained an extra 9 or 96 nucleotides. The shorter splicing patterns correspond to 
what had been described for the rat Nam clone (Schaller et al., JNeurosci 1992; 
12(4):1370-81), resulting in a protein with an additional 3 (rNalUa) or 22 (rNalDb) 
amino acids, but had not been described for the human Nam before. 

15 Subsequent to the completion of the cloning of hNami8, it was 

discovered that a clone having the same 147 nucleotide insert was deposited in 
GenBank on February 1, 2001 (GenBank Accession # AF225986-SEQ ID NO: 5). 
See cDNA alignment in Figure 8. However, that encoded amino acid sequence 
differs from the sequence disclosed herein by 12 amino acids (between two clones), at 

20 amino acid residues 208, 475, 495, 508, 604,1163, 1576, 1614, 1741, 1743, 1862 and 
1966, respectively (SEQ ID NO: 2 vs. SEQ ID NO: 6). See amino acid aligment of 
Figure 9. 

Stable transfection of the pLCMlhuNam-18 resulted in the generation 
of two cell lines that expressed the expected -220 kDa hNami8 protein and 

25 exhibited functional sodium channels, designated 293/huNaIII 18-300-20 and 

293/huNami 8-500-35, with appropriate TTX-S currents. 293/huNaEIl 8-300-20 had 
an activation threshold voltage of -40 mV (Figure 9A), a steady state V V* inactivation 
voltage of -58 mV (Figure 9B), a recovery time after inactivation of 2.5 ms (fast 
component) AND 1 13 ms (slow component-(Figure 9C), and inactivation kinetics of 

30 0.8 ms (Figure 9D). 

********** 
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The present invention is not to be limited in scope by the specific 
embodiments described herein. Indeed, various modifications of the invention in 
addition to those described herein will become apparent to those skilled in the art 
from the foregoing description and the accompanying figures. Such modifications are 
5 intended to fall within the scope of the appended claims. 

Patents, patent applications, publications, procedures, and the like are 
cited throughout this application, the disclosures of which are incorporated herein by 
reference in their entireties. 
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